INTRODUCTION
the United Kingdom and the United States is flooring type; in Europe most commercial facilities have solid floors with chopped straw bedding. The UK requirement for open trough waters results in considerable straw usage to account for the extra water waste. In the United States, duck barns use predominantly water nipple lines and the prevalent floor types are solid floors with wood shaving litter, raised wire/plastic floors, or a combination of the two.
Flooring is a considerable financial investment for production companies and farmers (Dawkins, 1983; Noll et al., 1997; Buhr et al., 2000; Wideman et al., 2012) . Raised flooring has an increased initial cost of materials and waste removal systems, whereas wood shavings are becoming more expensive (if available) and need to be continually replaced. The disposal of manure and shavings require environmental considerations as well. In addition to the economic and environmental considerations, flooring type may also have a direct impact on the ducks (Dawkins, 1983; Fries et al., 1994; Noll et al., 1997; Buhr et al., 2000) . Ducks are in constant contact with the floor; thus, it is reasonable to assume that flooring type could influence, positively or negatively, the house environment as well as the physical characteristics of the ducks. For instance, it could be hypothesized that the dust associated with wood shaving litter would adversely affect eye and nostril health or that raised flooring would positively affect feather cleanliness due to decreased contact with manure. A recent US study was conducted to evaluate the effect of plastic slatted floors versus solid floors with wood shavings on the environment within houses as well as the physical characteristics of Pekin ducks during the winter months (Karcher et al., 2013) ; this study describes a follow-up to that trial. We repeated the procedures described in the previous study during the summer months to determine if flooring type affects the house environment or duck health; the differences would be accentuated at the weather extremes when ventilation and temperature regulation is most challenging. Therefore, the purpose of this study was to determine if there are any differences between wood shaving and plastic slatted flooring that would indicate that one system is preferable over the other.
MATERIALS AND METHODS
To most accurately describe the effect of flooring type on growing ducks, it is necessary to keep production conditions uniform across all observed flocks. Therefore, all the flocks came from similarly aged breeders, the same genetic strain, consistent flock densities, similar watering systems (nipple), and the same brooding protocol. A previous study was conducted during the winter months (Karcher et al., 2013) , when extreme cold environmental temperatures posed specific management challenges, particularly heat conservation and house ventilation. Upon the completion of the winter study, it became evident that the study needed to be repeated during the heat of July and August. The reason for choosing the summer and winter weather extremes is that the management practices needed to accommodate these weather extremes would maximize any potential effects of flooring type on growing ducks. Adequate heating and ventilation are particularly difficult in facilities without electricity, which is the case for many duck producers in the Midwest United States. For these reasons, the same non-power-ventilated duck houses that were used in the previous study were examined again in flocks placed in the summer.
Housing and Birds
The study was performed in the same commercial duck farms (Maple Leaf Farms Inc., Milford, IN) used in the previous experiment (Karcher et al., 2013) . The farms were located in 3 distinct geographical areas located in northeastern Indiana, northern Indiana, and southern Wisconsin. The primary difference between these barns was flooring type (litter, n = 9; plastic slatted slats, n = 9). The heat source for the brooding area was either coal burning stoves or kerosene-fueled brooders, but the brooding protocols were otherwise the same. Flock density in all farms was 0.16 m 2 per duck, which complies with the recommendation of the Agricultural Guide (FASS, 2010) . This resulted in 6,350 to 9,550 market-weight ducks per house on litter flooring and 10,000 to 10,300 per house on plastic slatted slats. The commercial Pekin strain that was used throughout the study was one that has been developed and is used by Maple Leaf Farms Inc. Ducklings were placed at 1 d of age, and after an initial 10-d brooding period in approximately one-third of the house, they were given access to the entire barn. Processing of all ducks took place at the Maple Leaf Farms processing facility when they reached commercial target weights (~3.5 kg) between 32 and 36 d. The Hope College Animal Care and Use Committee approved an exemption because the project was conducted in commercial facilities.
Duck Physical Condition Scores
Physical condition scoring of the ducks was performed at 3 ages: 7 to 9 (7 d), 20 to 23 (21 d), and 30 to 33 (32 d) d posthatch. Because of travel and schedule limitations of researchers and field technicians, a leeway of ±2 d was allowed; the day in parentheses represents the day reported for scoring. Twenty ducks from each of 5 predetermined areas of the barn (4 corners and middle of the house) were randomly selected for a total of 100 ducks per evaluation. Each group of 20 ducks per location was temporarily penned using plastic gates. Three investigators were present in each barn to score the 100 ducks. Each individual duck was scored by only 1 person. All 3 evaluators were experienced with the scoring process and used the scoring rubric developed by Jones and Dawkins (2010a) and modified by the authors as previously reported (Karcher et al., 2013) . This scoring system used herein was slightly modified from that used in our previous study (Karcher et al., 2013) in that it does not include any evaluation of gait. It was felt by the authors that more investigation into normal Pekin gait characteristics was necessary before assigning abnormal results. Nostril and feather cleanliness were identified on a scale of 0 to 1 and eyes, feather quality and foot pad quality were on a scale of 0 to 2, where 0 is the best condition and a 1 or 2 are less than the ideal (Karcher et al., 2013) .
Environmental Data
On scoring days, handheld instruments were used at the center of each house to measure CO (Industrial Scientific T40 CO Rattler, Grainger Industrial Supply Inc., Indianapolis, IN), NH 3 (TOXIRAE II, QC Supply, Schuyler, NE), and RH (EXTECH USB Data Logger, model RHT10, Cole Parmer Inc., Vernon Hills, IL). The temperature was obtained at the front, back, and center of the house using a Kestrel 3000 Wind Meter (QC Supply).
Production Data
Although there was some variability in scoring days because of schedule conflicts, the average days to processing were similar between locations. Gain per day was calculated based on a final live weight, which was determined for each flock at the processing plant. Additional measurements taken at the time of processing include flock mortality and condemnation at the plant. Plant condemnations were recorded on a per flock basis.
Statistical Analyses
A priori power analyses of the number of barns per flooring type (sample size) indicated power >90%. The assessment data were analyzed using SAS PROC GLM-Mix as binomial data (SAS Institute Inc., Cary, NC). Data were organized by characteristic with total number of a score divided by total number of observations (100) per barn and age. Model was the response variable explained by age and flooring type and their interaction. The model would not converge when location was part of the interaction in the model, so location was left as an individual main effect separate from age and flooring type. The model was run twice, once with 0 scores versus 1 plus 2 scores, and when enough 2 scores were present, as 0 versus 1 scores and 0 versus 2 scores. Data were expressed as a proportion of ducks exhibiting a specific score at each age by flooring type. The production and environmental data were analyzed using PROC MIXED with the same model as described above. A P-value of ≤0.05 was considered to be significant.
RESULTS
Although some location effects were observed, these effects are difficult to interpret. It is not believed that the location differences were due to different scoring practices because the scoring was performed by the same trained and experienced individuals in all locations. There may have been regional weather differences that dictate management differences that were all beyond the control of the investigators.
Duck Physical Condition Scores
Overall, the analysis of physical condition scores revealed only 3 significant differences between the ducks raised on wood shavings litter versus plastic slatted flooring (Tables 1 and 2 ). At 7 d, ducks reared on litter flooring had better eye scores than those raised on slats (P < 0.001, Table 1 ). At 21 d, ducks raised on litter also showed better eye scores than those raised on slats (P = 0.03, Table 1 ). At 7 d, ducks on the litter floor had slightly better feather cleanliness scores then ducks on slatted floors (P = 0.001, Table 1 ). Similarly, at 7 and 32 d, ducks raised on litter flooring had better nostril cleanliness scores than those raised on slats (P = 0.0042 and 0.0045, respectively, Table 1 ). Other than those listed above, there were no differences with any variable at any age for feather cleanliness (21 d, P = 0.1427; 32 d, P = 0.0669), feather quality (7 d; P = 0.6569; 21 d; P = 0.0911; 32 d, P = 0.2062), and foot pad quality between the 2 flooring systems (7 d, P = 0.2793; 21 d, P = 0.5578, 32 d P = 0.0918).
Environmental and Production Data
There were no differences between flooring systems for any of the environmental data collected (Table 3) . Analysis of the production data revealed that ducks raised on plastic slatted flooring had an increase in weight gain per day (P < 0.05; Table 4 ).
DISCUSSION
With regard to flooring, management decisions are often influenced by the availability and cost of local resources. For instance, in commercial duck barns in the United States that use shavings for litter, fresh shavings are added daily throughout the production cycle; thus, the availability of quality shavings in areas of concentrated duck production can be problematic (M. Turk, Maple Leaf Farms Inc., Leesburg, IN, personal communication). In addition to the availability of bedding, ducks are in constant contact with the flooring system within a house and it is plausible that flooring type may subsequently affect the ducks' physical condition. It is important to note that because management practices differ between the United Kingdom and the United States, comparisons between these studies and the recent US study (Karcher et al., 2013) need to be interpreted carefully. Although birds may exhibit different behaviors under different management systems and environments, these behavioral differences may or may not be indicative of different levels of well-being. Thus interpretation should be done with care. For these reasons, particular attention was given during this current study to equalizing all management and production factors within each flooring type and across experimental flocks (i.e., genetic strain and age of breeders, flock size and water nipple density, feed type, brooding protocol, and daily management practices). This management consistency would hopefully allow for a better assessment of the main effects of flooring type alone on the condition of growing ducks.
The majority of ducks at all ages had a 0 score for the conditions evaluated. At 7 d of age, there was an 1 Means represent n = 9 litter houses, n = 9 plastic slatted floor (slat) houses. 2 N/A = model could not estimate as a result of too few 2 scores. As a result, 2 scores were added to 1 scores. increase in 0 eye scores on litter flooring, and greater 0 nostril scores on the raised slat flooring. It has been previously reported by Knierim et al. (2004) that ducks reared with access to an open water source had better eye scores and nostril cleanliness. However, O'Driscoll and Broom (2011) found no differences due to water source when they studied ducks raised with open troughs, bell waterers, or nipple water lines. The ducks in this study were only housed with nipple lines. Because there were differences in eye and nostril scores between litter and plastic slatted flooring only at d 7, it is probable that there are multiple management factors that interact to affect these outcomes. It is of interest that the few differences between flooring systems occurred at d 7. It is possible that there were environmental conditions (e.g., ventilation) that differed between the 2 systems during this time but because the exact same 100 birds were not evaluated at each age within a given barn, any discussion of the cause is purely speculation. It is also feasible that at 7 d, ducklings are more susceptible developmentally to minor fluctuations in the environment. These differences were either not observed or are opposite to what was observed during the recently published winter study (Karcher et al., 2013) . It is possible that each flooring system and its accompanying management protocol may be slightly more advantageous during one time of the year versus another.
It is important to note that the vast majority of the nonzero eye scores were 1, which, although not ideal, indicates that no inflammation was present. Additionally, in order for nostrils to be given a score of 0, the evaluator needed to be able to see clearly from one nostril through the other. It was observed during this study that most nostril scores of 1 were due to the presence of a small amount of litter, not because they were occluded due to mucus. The importance of these observations is that care needs to be taken when using any scoring rubric to evaluate duck well-being as it relates to body condition. For example, a duck might be scored as a 1 for eyes or nostrils without any pathology being present, and thus, the condition might be temporary and may have no effect on well-being.
There were no statistical differences between flooring types for any of the environmental data measured. Furthermore, the CO and NH 3 levels were all well below accepted industry standards as well as the NH 3 values being well below the 11 ppm reported by Carlile (1984) , DEFRA (2009 ), FASS (2010 , and Jones and Dawkins (2010a) . Although there were some environmental values (e.g., air velocity and dust level) that could not be measured, these findings suggest that when similar management protocols are followed, there are similar house environmental conditions regardless of flooring type.
The production data show that the only statistical difference between flooring systems was a higher daily weight gain in ducks raised on wood shavings. Although the difference is statistically significant, it is slight, and given that there were no differences in mor- tality or condemnations at the processing plant, this result may not be an indication that one flooring type is more economically beneficial than the other.
One major difference between the current US studies and the UK study (Jones and Dawkins, 2010a,b) is in the determination of gait. In the UK study, ducklings were assessed as they walked away from the observers (Jones and Dawkins, 2010a) . However, there were 2 important limitations to this evaluation. First, there has been no accepted description of normal gait characteristics in any duck species. In our winter study (Karcher et al., 2013) , gait was scored after the ducks were released following body assessments and there was concern that a fear response and the attempt to quickly distance themselves from the human observers would alter that individual's typical gait. Because of these concerns, gait was not reported in this current study.
In summary, this study is a natural complement to the one performed in the winter, and taken together, these studies are the first to investigate whether there are any meaningful differences in environmental parameters or physical characteristics of ducks depending on floor types within commercial duck facilities. The previous winter (Karcher et al., 2013) and current summer study were purposely conducted during seasons that would potentially accentuate any differences between flooring systems. Although a few statistical differences were found, the results do not suggest that one system is more advantageous than the other. One consistent finding between the studies is that the predominant physical condition score for all traits measured was a 0, suggesting that there was no discernible effect of flooring type on duck body condition. However, it was also observed in this current study that ducks could receive a nonzero score without pathology being present. Our study analyzed the predominant flooring systems in the United States, namely wood shavings and raised plastic flooring. It is possible that other flooring systems may present different results than those presented here. However, these studies in US systems have not been completed. Further evaluation is needed to assess if duck well-being can be interpreted simply based on this (or any other) scoring rubric. 
